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Laparoscopic splenorenal venous bypass for
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Benjamin I. Chung, MD, and Inderbir S. Gill, MD, Cleveland, Ohio
Nutcracker syndrome is a rare entity caused by extrinsic compression on the left renal vein as it crosses between the
superior mesenteric artery and the aorta. It can clinically present with flank pain and hematuria. Accepted treatments
include open vascular bypass procedures or endoluminal stenting. We present the first description, to our knowledge, of
a laparoscopic splenic vein–left renal vein bypass to relieve the outflow obstruction. The patient, a 29-year-old woman
with debilitating left flank pain, presented with nutcracker syndrome. Left renal vein outflow was obstructed at the level
of the intersection between the aorta and the superior mesenteric artery. The option of laparoscopic splenic to left renal
vein bypass was discussed and performed. A five-port transperitoneal approach was used. Meticulous vascular control was
achieved with numerous laparoscopic vascular bulldog clamps. With completely intracorporeal suturing techniques, the
splenic vein was anastomosed to the superior aspect of the anterior left renal vein. Total warm ischemia time was 37
minutes. The anastomosis was watertight immediately upon unclamping. Interestingly, upon unclamping, the luminal
diameter of the splenic vein appeared to increase to twice its native diameter. The proximal left renal vein appeared less
distended, indicating preferential venous outflow through the newly created venous bypass. Blood loss was minimal, no
intraoperative or postoperative complications occurred, and the patient’s symptoms improved. This report continues to
augment the indications for laparoscopic surgery in even complex, urologic vascular situations. ( J Vasc Surg 2009;49:
1319-23.)Nutcracker syndrome is rare entity caused by extrinsic
compression of the left renal vein by the superior mesen-
teric artery (SMA) as the vein crosses between it and the
aorta. The resultant increase in pressure within the left renal
vein can cause hematuria, flank pain, hypertension, and
even ureteral obstruction due to the formation of second-
ary collateral venous varicosities.1 Additional clinical find-
ings may include symptoms of pelvic venous congestion,
including dyspareunia, dysmenorrhea, and dysuria. The
phenomenon may result in varicosities in the vulva and
gluteal regions.2
Numerous treatment modalities have been described,
including left renal vein transposition, nephropexy, renal
vein stenting, and renal autotransplantation, with varying
degrees of success. Except for endoluminal venous stent-
ing, all of these procedures have involved a traditional open
surgical approach with the associated disadvantages of in-
cisional discomfort. Herein, we describe a novel, minimally
invasive treatment option for nutcracker syndrome: laparo-
scopic splenic to left renal vein bypass.
CASE REPORT
A29-year-old womanwith a 2-year history of recurrent, severe
left-sided flank pain underwent a computed tomography (CT) scan
that revealed a left kidney with speckled intrarenal calcifications, an
atrophic and scarred left lower pole, a normal right kidney, and a
left ovarian cyst. Initially, the ovarian cyst was thought to be the
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doi:10.1016/j.jvs.2008.11.062cause of her pain, and she underwent laparoscopic left ovarian cyst
removal, without resolution of symptoms. The pain continued in
an unremitting fashion, requiring narcotic medications for relief,
causing difficulty in her continuing her occupation as a hairdresser.
Follow-up enhanced CT imaging suggested an apparent arte-
riovenous malformation (AVM) in the region of the atrophic left
lower pole of the kidney. The patient was referred to urology with
a recommendation for percutaneous embolization of the AVM. A
urine dipstick analysis revealed trace blood, but results of urine
Fig 1. Venogram shows venous obstruction of the left renal vein
at the level of the junction of the aorta and superior mesenteric
artery (arrow).culture, cytology, cystoscopy, and upper urinary tract studies were
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varicosities.Fig 3. Regional vascular anatomy demonstrates location of splenic vein in relation to left renal vein.
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able, and the serum creatinine level was 0.8 mg/dL (normal
reference range, 0.7-1.4 mg/dL).
Selective arteriography revealed no evidence of an AVM;
however, during the venous phase, the left kidney showed exten-
sive venous collateralization emanating from the gonadal system,
with minimal venous drainage through the left main renal vein into
the vena cava (Figs 1-3). Selective phlebography with pressure
manometry through the femoral vein revealed an elevated 4-mm
Hg pressure gradient between the left renal vein and the vena cava,
consistent with venous obstruction at the level of the SMA. The
gonadal vein was not injected with contrast.
A mercapto acetyl triglycine (MAG-3) renal scan revealed 31%
differential function of the left kidney with prompt urinary drain-
age. Given the patient’s spectrum of findings, the presumptive
diagnosis was nutcracker syndrome. The patient was advised of her
options, including observation, nephrectomy, endoluminal stent-
ing, autotransplantation, and renal vein bypass. The patient elected
laparoscopic splenic to left renal vein bypass.
A standard 5-port transperitoneal technique was used. When
the left kidney was exposed, large venous collaterals emanating
from the lower pole of the kidney and the gonadal system were
readily appreciated. Care was taken to avoid disrupting any of these
engorged venous collaterals. The gonadal vein was traced cephalad
to the main left renal vein, which was skeletonized. The left adrenal
vein, left gonadal vein, and a lumbar branch were preserved. The
left renal artery was circumferentially dissected posterior to the
renal vein at its aortic ostium.
Attention was then focused on the splenic vein. The pancreas
and spleen were reflected medially to identify the splenic vein,
which was carefully dissected free from the surrounding pancreatic
tissue. In doing so, multiple small tributary venous branches were
controlled with clips or electrocautery. The splenic vein was thus
mobilized distally towards the splenic hilum, where it was divided
using an Endo-GIA stapler (US Surgical, Norwalk, Conn) and
additional clips. A bulldog clamp was placed on the proximal stem
of the splenic vein, the distal staple line was excised, and heparin-
Fig 4. Intraoperative photograph shows alignment of splenic
vein on top of left renal vein before the anastomosis.ized saline was used to flush the vein. The splenic vein wasspatulated and was advanced towards the left renal vein to confirm
tension-free end-to-side approximation (Fig 4).
Intravenous mannitol and furosemide were administered, and
blood vessels were individually occluded with separate bulldog
clamps in the following sequence: left renal artery, proximal left
renal vein, left adrenal vein, left gonadal vein, and distal left renal
vein. A venotomy was created on the superior edge of the renal
vein, just distal to the adrenal vein. The renal vein lumen was
flushed with heparinized saline and an end-to-side anastomosis was
initiated in the distal corner with a running single armed 5-0
polydioxanone suture to complete the posterior wall of the anas-
tomosis. Another 5-0 polydioxanone suture was used to complete
the anterior wall of the anastomosis, and the two sutures were tied
together (Fig 5). Before the anastomosis was completed, the vein
lumen was flushed with heparinized saline. The venous bulldog
Fig 5. Intracorporeal suturing of splenic vein to left renal vein
anastomosis.
Fig 6. Completed anastomosis. Note smaller diameter of left
renal vein and larger diameter of splenic vein, indicating preferen-
tial venous outflow through splenic vein.clamps were removed, followed by the arterial clamp.
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Total warm ischemia time was 37 minutes, and the
anastomosis was watertight immediately upon unclamping.
Interestingly, upon unclamping, the luminal diameter of
the splenic vein appeared to increase to twice its native
diameter, and the proximal left renal vein appeared less
distended (Figs 6 and 7). This indicated preferential venous
drainage from the kidney through the newly created sple-
norenal bypass, providing presumptive intraoperative con-
firmation of nutcracker obstruction of the proximal left
renal vein. A Jackson-Pratt drain was placed through the
lateral 5-mm port site. Total operative time was 3.5 hours,
and blood loss was 50 mL.
The patient was given nothing by mouth the first
postoperative day to avoid undue stress on the pancreas.
Serum amylase and lipase levels were mildly elevated, but
the patient remained completely asymptomatic during and
after her hospital stay. Her diet was advanced, and the
patient was discharged home on postoperative day 2. The
drain was removed 1 week postoperatively. At a follow-up
of 8 months, the patient reports complete resolution of her
previously debilitating flank pain, without any need for
analgesics. However, the patient has refused formal post-
operative follow-up, including laboratory analysis or imag-
ing studies that could objectively document hemodynamic
Fig 7. Illustration shows the completedresolution of the nutcracker syndrome.DISCUSSION
The proliferation of minimally invasive techniques in
urologic surgery has reduced morbidity and resulted in
quicker patient convalescence, with equivalent results to
traditional open surgery in many applications. Our team
has previous experience with laparoscopic renovascular sur-
gery, as we have performed successful laparoscopic aorta–
left renal artery bypass in a porcine model3 and successful
laparoscopic repair of a renal artery aneurysm.4
In the treatment of nutcracker syndrome, various treat-
ment modalities have been described. Intraluminal and
extraluminal renal vein stenting, gonadocaval venous by-
pass, left renal vein transposition, renal autotransplantation,
and nephropexy have been performed with varying success.
Extraluminal venous stenting has been described with a
polytetrafluoroethylene graft wrapped around the left renal
vein at the site of extrinsic compression by the SMA.2,5 The
successful transposition of the left renal vein (renocaval
reimplantation) has also been described.1,6,7 Nephropexy
was described in a situation in which true extrinsic compres-
sion by the SMA did not exist, but instead a stretch phe-
nomenon with renal vein compression over the aorta due to
posterior renal ptosis.8 Renal autotransplantation has also
been performed successfully.9,10 All of these therapeutic
tomosis and regional vascular anatomy.options have been performed with open surgery.
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renal vein has been attempted with good results. Park
et al11 reported the placement of an endoluminal 18-mm
intravascular renal vein stent with relief of symptoms during
a follow-up of 4 months. Potential pitfalls of endoluminal
venous stenting include poststenting fibromuscular hyper-
plasia leading to venous occlusion.2 In this patient, we
attempted a novel laparoscopic method for treating this
anatomic anomaly.
Many putative mechanisms for the nutcracker syn-
drome have been postulated, from abnormal insertion of
the SMA1 to ptosis of the kidney.8 The CT scan of our
patient revealed that the left kidney was displaced more
cephalad than normal, which could subject the left renal
vein to extrinsic compression under the SMA. Because the
left kidney and left renal vein were located more cephalad
than normal, this placed the renal vein close to the splenic
vein, facilitating laparoscopic anastomosis. Our opinion
was that operating extensively near the SMA, as in perform-
ing a renal vein transposition, would create an undue
hazard, and that the extensive venous collaterals surround-
ing the lower pole would preclude intervention such as
gonadocaval bypass, making the splenorenal venous bypass
a more logical choice.
The technical performance of this procedure gives an
additional indication to the burgeoning armamentarium of
advanced minimally invasive urologic reconstructive proce-
dures. We believe that careful patient selection and adher-
ence to established surgical principles will continue to
expand the applicability of these techniques in complicated
situations, like ours, which until now have been thought to
be beyond the reach of minimally invasive surgery. One
must keep in mind, however, that this is a technically
difficult procedure, with a potential complication risk
greater than less invasive procedures such as endoluminal
stenting. More experience is required to make conclusions
about its feasibility in contemporary practice.
Limitations with this patient include the lack of post-
operative imaging studies to confirm the flow of blood into
the splenic vein. In addition, because the splenic vein
pressure was not measured preoperatively, the possibilityexists that the baseline splenic vein pressure exceeded that
of the obstructed left renal vein, which would not allow for
flow into the newly created venous bypass.
CONCLUSIONS
Splenic to left renal venous bypass appears to be an
efficacious procedure in the treatment of nutcracker syn-
drome. This novel technique, and its laparoscopic perfor-
mance, further extends the applications of minimally inva-
sive surgery. Longer follow-up and further experience are
needed to evaluate the efficacy of this procedure in the long
term.
Many thanks to Simon Kimm,MD, for his outstanding
illustrations.
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